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ARTICLE INFO ABSTRACT
Keywords: Objective: To explore clinical and vascular lesion characteristics of the patients with Takayasu
Takayasu arteritis arteritis (TA) manifested firstly as acute myocardial infarction (AMI) at onset and to improve the

Acute myocardial infarction
Artery vessel lesions
characteristic

diagnostic rate of TA.

Methods: The clinical and angiographic data of six patients with TA manifested firstly as AMI at
onset were retrospectively analyzed.

Results: Of six patients (16-25 years old), 83.33% (five cases) was female, three patients had a
history of hypertension and three patients did not have any medical history. One patient had
intermittent effort chest tightness. On admission patients all presented with chest pain, dyspnea,
hypotension, cardiogenic shock, abnormal electrocardiogram, and elevated cardiac troponin I.
The vessel involvement was left coronary main trunk 83.33%, left anterior descending artery
33.33% and left circumflex branch 16.67%, right coronary artery 66.67%, subclavian artery
83.33%, and renal artery 50%. Five patients received the emergency PCI. One patient died of
heart failure. During follow-up 3 patients received again PCI treatment.

Conclusion: Clinical and vascular lesion characteristics of those patients were no discomfort before
admission, and the suddenly typical manifestation of AMI. Severe stenosis or occlusion occurred
in main coronary artery ostia and peripheral large artery. For the TA patients with hemodynamic
instability the effectiveness of emergency PCI is positive.

1. Introduction

Takayasu arteritis (TA) is a rare form of chronic granulomatous large vessel vasculitis affecting the aorta and its main branches,
ascending aorta, descending aorta, abdominal aorta , and pulmonary arteries. The inflammatory process results in stenosis, occlusion,
dilation , or aneurysm formation in the arterial wall [1-3]. The etiology of TA is thus far undefined [4]. The Annual incidence rate
ranges from 0.4 to 3.4 per million individuals and the prevalence differs from region to region [5,6]. TA is more common in Asia than
that in other parts of the world. The prevalence rate of TA is from 9.0 per million to 108.3 per million individuals (9.0 per million in
USA, 22.0 per million in northern Europeans, 40.0 per million in Japan, 78.1 per million in Asian whites and 108.3 per million in
Africans) [2,5,7-9]. TA often occurs in young women with the age from 20 to 40 years old. The proportion of male and female patients
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is about 1:4-1:8, with 80%-90% of female patients [10-12]. Tomelleri A et al. [11] analyzed 578 patients with TA, 470 of whom were
women, accounting for 81.31%. Dammacco F et al. reported 35 (81.40%) of 43 cases with TA was female [12]. Between April 2001 and
March 2011, among 1372 newly registered patients with TA in Japan 83.81% (1150/1372) were female [13]. Compare female with
male, female patients present as more frequently involvement of left subclavian artery, carotid arteries and aorta (ascending aorta,
aorta arch, descending aorta), but male patients have higher affected rate of iliac arteries, abdominal aorta and renal arteries [11].

The early stage of TA is mainly manifested as non-specific symptoms, such as fever, night sweats, weight loss , and so on. When the
lesion progresses and the inflammatory vasculitis worsens, the segmental stenosis, occlusion, dilation, and/or aneurysm formation in
the arteries involvement may occur, which may result in intermittent claudication, vascular murmur, pulseless or weak pulse and
decreased blood pressure , and so on [1-3]. However, it is extremely rare that TA with coronary artery involvement firstly manifested
as acute myocardial infarction (AMI) at onset [14]. Huo J et al. [4] reported 5.9% ( 94 cases ) of 1580 patients with TA (collected from
January 2002 to December 2021 in several hospitals) coexisted with myocardial ischemia and neurological symptoms. Yuan SM et al.
reported of 141 TA patients with coronary artery involvements (including in published 59 reports in the past two decades), 12.06% (17
cases) was diagnosed as AMI [15]. TA manifested firstly as AMI at onset is only 11 cases from January 2002 to January 2022 online
retrieval with PubMed.The etiology of the coronary artery involvement is still unknown, but the pathological mechanism involves a T
cell-mediated autoimmune reaction against arterial wall [16]. The clinical and vascular lesion characteristics of six patients with TA
manifested firstly as AMI at onset were discussed as follows.

2. Materials and methods
2.1. Object of study

Six patients with TA manifested firstly as AMI at onset was admitted to our hospital from January 2001 to December 2019. The age
of patients was 16-25 years old. Of six patients with TA, five (83.33%) were female. The patients were numbered in the order of
admission. The first patient admitted was coded as number 1, and so on. Clinical findings, history, laboratory examination, angiog-
raphy of the cardiovascular system, treatment, and clinical outcomes were recorded.

2.2. Diagnostic criteria of TA

The diagnosis of six patients with TA met the diagnostic criteria of American College of Rheumatology 1990 [17] : @ Age of onset
is less than or equal to 40 years. @ Intermittent movement disorder of limbs occurs.® The brachial artery pulse or radial artery pulse
on one side or both sides are decreased or lost. @ The difference in systolic blood pressure between arms is greater than 10 mm Hg. ®
The murmurs were detected in one or both subclavian or carotid arteries.® Angiography showed the segmental stenosis or occlusion of
the aorta and its primary branches. The presence of 3 or more of these 6 criteria demonstrated a sensitivity of 90.5% and a specificity of
97.8%.

2.3. Indicator for observation

Medical history, primary presentation on admission, physical examination (blood pressure and heart rate), electrocardiogram,
erythrocyte sedimentation rate (ESR) , levels of C-reactive protein and serum cardiac troponin I, angiographic results of the cardio-
vascular system, therapeutic measures, and outcomes of follow-up were recorded.

2.4. Methods and endpoints of follow-up

Angiography were used for a follow-up. The endpoints of follow-up were all-cause death, target lesion or target vessels revascu-
larization, or recurrent heart failure (NYHA class III-IV). Follow-up ended in December 2019.

2.5. Statistical analysis

The continuous variables were expressed as mean =+ standard deviation. The counting data were expressed as a percentage (%).
3. Results
3.1. Baseline data and clinical manifestations

83.33% (five cases) of six patients was female. The average age of the six patients was 20.67 + 3.27 years old (range 16-25 years).
Patient 1#, 3#, and 5# had a history of hypertension (blood pressure 150-170/110-95 mmHg) which was untreated without obvious
symptoms. The other patients had no history of hypertension. None of the patients had a history of diabetes, tuberculous disease,
rheumatic disease, or rheumatoid disease. No patient had the symptoms of fever, night sweats, chest discomfort, precardiac pain,
arthralgia or intermittent claudication, and so on before admission, except patient 3# had intermittent effort chest tightness within 12
months before admission. All six patients presented with precardiac pain, dyspnea, hypotension, cardiogenic shock, abnormal elec-
trocardiogram, elevated cardiac troponin I , erythrocyte sedimentation rate ( ESR ) increased and elevated C-reactive protein (CRP)
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levels at onset and on admission (See Table 1). Patients 4# and 5# presented with ST-segment elevation myocardial infarction
(STEMI). The other patients presented with extensive ST-segment depression and T wave inversion in the anterior wall leads and ST-
segment elevation in the aVR lead (which was greater than or equal to 0.2 mV).

3.2. The findings of angiography

The angiography showed as follows: Patient 1# suffered from stenosis 95% in the ostium of the left main coronary trunk (LM) and
stenosis 90% in the ostium of the left renal artery. Patient 2# had severe stenosis in three vessels of coronary arteries and coronary
artery aneurysm (CAA) formation. Her coronary artery lesions were with stenosis 70% in LM distal, 90% stenosis in the ostium of the
left anterior descending artery (LAD) and CAA after the stenosis, 90% stenosis in the ostium of the left circumflex branch (LCX), and
CAA after stenosis segment, CAA in the ostium of right coronary artery (RCA) and 90% stenosis in RCA. Her bilateral proximal
subclavian arteries were with occlusion 100%, abdominal aorta below renal artery was with stenosis 70%, and the bilateral proximal
iliac artery was with stenosis 70-90% (see the introduction of death case). Patient 3# suffered from stenosis 95% in the ostium of LM,
stenosis 90% in the ostium of LAD, 100% occlusion in the left subclavian artery (in 5 mm after opening), and 100% occlusion in the
ostium of the left renal artery. Patient 4# had 90% stenosis in ostium of LM and 95% stenosis in the ostium of RCA, 100% occlusion in
proximal left subclavian artery. Patient 5# suffered from 95% stenosis in the ostium of RCA, 90% stenosis in the proximal left sub-
clavian artery, and 90% stenosis in the left renal artery. Patient 6# presented as 95% stenosis in the ostium of LM, 90% stenosis in the
ostium of RCA, 90% stenosis in the proximal left subclavian artery, and 80% stenosis in the proximal internal carotid artery (see
Table 2). In this group, the patients with subclavian artery stenosis and occlusions had not the obvious manifestation of subclavian
artery steal syndrome.

As shown in Table 2, artery vessel involvement was LM 83.33% (5/6), RCA 66.67% (4/6), subclavian artery 83.33% (5/6), and left
subclavian artery 66.67% (4/6), renal artery 50% (3/6), and 16.67% (1/6) in LCX, abdominal aorta, iliac artery and carotid artery.

3.3. Results of transthoracic echocardiography (ECHO)

Six TA patients with AMI presented with hypotension and shock on admission, so their ECHO examination was not performed
before emergency PCI. At the same time of rescuing shock (using vasoactive drugs to improve organ blood flow perfusion), their
emergency coronary angiography and large vessels angiography were performed. After confirming the diagnosis of TA according to the
results of angiography, the emergency PCI was immediately performed to stabilize hemodynamic indicators. Except 2 # patient
received ECHO of his bedside on the second day after admission, other five patients received color Doppler ECHO on the sixth to eighth
day under stable condition after admission. Results of transthoracic ECHO were shown in Table 3.

3.4. Clinical treatment and follow-up outcomes

All patients presented with hypotension or shock on admission, so emergency coronary angiography (CAG) and large artery
angiography were performed. Five patients (1#, 3#, 4#, 5#, and 6#) received emergency revascularization of coronary arteries and
coronary stent (drug-eluting stent) implantation after the informed consent was signed by the patients and their families. Patients with
subclavian artery stenosis and/or renal artery stenosis were admitted again to receive stent implantation within 2-4 months after being
discharge. Five patients who received stent implantation of coronary arteries and peripheral large vessel were followed by angiography
for 11-120 months (mean 26.80 + 14.36 months). PCI again was performed due to restenosis in-stent in 3 patients (3# and 6#) with
LM ostium stenosis and (5#) with RCA ostium stenosis. The rate of revascularization was 60.00% (3/5). One patient ( 2# ) died of
heart failure on the third day after admission due to refusal to PCI (see Table 4). Angiographic follow-up showed no restenosis in-stent

Table 1
Clinical features of six patients with TA manifested firstly as AMI at the onset.
Pt. Sex  Age Manifestations before Symptoms on BP on Admission cTn- (ug/ ECG Diagnosis
No. (yrs) admission admission (mmHg ) L)
1# M 19 asymptomatic Chest pain and 100/50 8.1 abnormal  Extensive
dyspnea AMI
2# F 19 asymptomatic Chest pain and 0/0 7.2 abnormal  Extensive
dyspnea AMI
3# F 23 asymptomatic Chest pain and 100/60 6.4 abnormal  Extensive
dyspnea AMI
4# F 22 asymptomatic Chest pain and 98/60 11.0 abnormal  Extensive
dyspnea AMI
5# F 16 asymptomatic Chest pain and 90/56 8.6 abnormal  Extensive
dyspnea AMI
6# F 25 asymptomatic Chest pain and 92/58 9.8 abnormal  Extensive
dyspnea AMI

Note: AMI = acute myocardial infarction, BP = blood pressure, cTn-I = cardiac troponin I (normal range 0 — 0.01 pg/L), ECG = electrocardiogram,
ECG abnormal = ECG showed abnormal Q wave and ischemic ST-segment and T wave changes in the electrocardiogram. M = male, F = female, Pt.No
= patients number, TA = Takayasu arteritis.
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Table 2
The findings of angiography.
Pt. No. LM LAD LCX RCA subclavian artery abdominal aorta renal artery iliac artery carotid artery
1# 95% - - - - - L90% - -
2# 70% 90% 90% 90% R + L100% 70% - 90% -
3# 95% 90% - - L100% - L100% - -
4# 90% - - 95% L90% - - - -
5# - - - 95% L90% - L90% - -
6# 95% - - 90% L90% - - - 80%
Note: “-” = negative or not available, LAD = left anterior descending artery, LCX = the left circumflex branch, LM = left main coronary trunk.

Percentage (%) in the table is the percentage of blood vessel diameter stenosis. Pt.No = patients number; Except patient 2# was with a stenotic lesion
in the LM distal, all patients had stenosis in the ostium of the coronary artery. Patient 2# suffered from the occlusion in the bilateral proximal
subclavian artery. R = right, L = left, RCA = right coronary artery.

Table 3
Results of transthoracic echocardiography (mm).
Pt. No. LA AO RVOT RV VS LV LVPW EF (%)
1# 25 25 22 18 11 45 11 62
2# 30 28 24 16 11 52 9 40
3# 26 26 22 18 11 43 11 68
a# 25 25 23 18 9 44 9 69
5# 28 28 26 18 11 46 11 68
6# 28 28 26 18 11 45 11 67

Note: AO = aortic root diameter; EF (%) = left ventricular ejection fraction ( % ) , IVS = interventricular septal thickness, LA = left atrium diameters,
LV = left ventricle end-diastolic diameters, LVPW = left ventricular posterior wall thickness, RV = right ventricle; RVOT = right ventricular outflow
tract.

in patients with peripheral large vessel stent implantation.

3.5. Introduction of death case

Patient 2# was a maiden girl (19 years old) and suffered from large vessels lesions of multiple organs. She had always felt herself in
good health. There was no history of joint pain, low fever, night sweats, etc. She said she often went swimming and sometimes felt
weak in her upper limbs. She had no previous hypertension, tuberculosis, hepatitis, joint disease, diabetes, rheumatic and rheumatoid
diseases, etc. Because of a quarrel with her family, she suddenly felt chest pain and dyspnea, which lasted for 2 h and did not relieve, so
she had to admit into our hospital. The patient’s height was 160 cm, weight 53 Kg, body temperature 36.8 °C. His radial artery pulse of
both upper limbs was not palpable. The pulse of the bilateral dorsalis pedis artery was not palpable. The blood pressure of both upper
limbs was 0/0 mmHg. Her body was developed normally, well-nourished, conscious, and expressionless and distressed face. His ju-
gular vein was no dilatation. The heart rate was 80 beats/min. The first heart sound was decreased. There was no obvious murmur in
each valve area. The breath sounds of both lungs were clear and without rales. His abdomen examination and neurological tests
showed no abnormalities. ECG shown (see the supplementary figure 2) that ST-segment elevation in I and aVL leads was 0.15-0.20 mV,
ST-segment depression in II, IIT and aVF leads were 0.20-0.30 mV, and R wave voltage of V1-V3 was significantly decreased (0.05-0.1
mV). Transthoracic echocardiography showed left atrium ( LA ) 28 mm, aorta ( AO ) 28 mm, right ventricular outflow tract (RVOT)
20 mm, right ventricle (RV) 14 mm, interventricular septum ( IVS ) 11 mm, left ventricle (LV) 52 mm, left ventricular posterior wall
thickness ( LVPW ) 9.0 mm and left ventricular ejection fraction (EF) 40%. Laboratory examination showed no abnormality in routine
hematuria, serum ions, thyroid function, liver function , renal function, and blood lipid examination. Other tests were shown in
Table 5.

Table 4
Clinical treatment of large vessel involvements and follow-up outcomes.
Pt. No. coronary artery subclavian artery abdominal aorta renal artery iliac artery carotid artery FU period FU outcomes
1# stenting - - Stenting - - 45 normal
2# not treated not treated not treated - not treated - 3D* death
3# stenting stenting - stenting - - 37 again P
a# stenting stenting - - - - 26 normal
S5# stenting stenting - stenting - - 15 again P
6# stenting stenting - - - no 11 again P
Note: "-" = negative or not available, 3D* = the patient died of heart failure on the third day after admission. again P = because of restenosis in-stent

the patient once again received PCI. FU = follow-up. not treated = the patient did not receive PCI treatment, PCI = percutaneous coronary inter-
vention, Pt.No = patients number, Stenting = the patient underwent PCI and stent implantation.
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Angiographic findings of coronary arteries and large artery vessels (see Figs. 1-6, and see the supplementary video picture 1).

The patient was diagnosed with Takayasu’s Arteritis ( Type III [18] ), non-ST-elevation AMI, LM and three coronary artery ste-
notic lesions and coronary artery aneurysm, bilateral subclavian artery occlusion, abdominal aorta stenosis with thrombosis, right
external iliac artery stenosis, left heart dysfunction, cardiogenic shock and cardiac function NYHA class IV. The patient received the
treatment of the antishock (fluids and vasoactive drugs were administered), antithrombosis ( aspirin, clopidogrel and heparin so-
dium ), anti-inflammatory (penicillin) and immunosuppressant (cyclophosphamide) and glucocorticoids (dexamethasone), but
rejected PCI and died of aggravated heart failure on the third day after admission.

4. Discussion
4.1. Diagnosis about TA

American College of Rheumatology 1990 criteria for the classification of Takayasu arteritis [4] was used to diagnose TA. This
criterion has good sensitivity and specificity. However, large vessel angiography has become the gold standard for the diagnosis of TA.
Computer tomography angiography (CTA), magnetic resonance angiography (MRA), ultrasonography and positron emission to-
mography could not only provide important information for early diagnosis but also detect disease activity, and thus further guide the
treatment in TA. The diagnosis of TA can be made when angiography reveals localized or segmental stenosis or occlusion of the aorta
and its major branches and/or pulmonary artery, or aneurysm formation and thickening of the vessel wall as indicated by intravascular
ultrasound based on the characteristic of age at onset. All 6 patients in the study received coronary angiography and large vessel
angiography and were confirmed to suffer from TA. This result suggests that it is should be considered that the etiology of young AMI
patients may be large vessels arteritis or TA, and large vessel angiography further should be performed to avoid missing the important
cause and diagnosis of large vessels arteritis. The incidence of coronary arteries involvements in TA was reported to be about 9-10%
[1]. AMI as the first manifestation of TA is rare. Although young women rarely suffer from AMI, TA is one of the main causes [19].
Spontaneous coronary artery dissection (SCAD) also is a significant cause of myocardial infarction in women and account for less than
1% of AMI cases. SCAD occur most often between the ages of 47 and 53 years [20-22]. 90% of SCAD occur in perimenopausal,
pregnancy and postpartum women with fibromuscular dysplasia [22]. CAG can clearly diagnose SCAD and shows multiple false
vascular lumens or intramural hematoma in LAD, LCX or RCA. In the autopsy of a patient who died of SCAD [23] pathological ex-
amination showed eosinophil infiltration in epicardial coronary artery wall, which was limited to adventitia and periaortic soft tissue.
These characteristics are helpful to differential diagnosis with TA.

4.2. Clinical features of TA with AMI as the initial presentation

Patients with AMI as the initial presentation of TA is rare, and only sporadic case reports. Cavalli G et al. reported among 1950
female patients aged <40 with chest pain, dyspnea, palpitations, angina, heart failure, or cardiac arrest, 40 suffered from acute
ischemic heart disease. The classic’ atherosclerosis was 60% (24 cases) and TA was only 10% (4 cases) [6]. In this study, the six TA
patients (who manifested firstly as AMI at onset) had four main clinical features. (1) 83.33% (5/6) of the patients had no symptoms
before onset. Only one patient had effort angina within one year before the admission, which could be relieved by getting some rest or

Table 5

Laboratory findings.
Items Test values Normal range
ESR 58.00 mm/h 0-20 mm/h*
ASO 450.00 u/L 0-25 u/L
RF 19.00 u/L 0-15 u/L
CRP 18.00 mg/L 0-10 mg/L
LDH 684.00 u/L 135-240 u/L
AST 352.00 u/L 0-40 u/L
CK 2934.00 u/L 26-174 u/L
CK-MB 200.00 u/L 0-25 u/L
a-HBDH ) 323.20 u/L 72-182 u/L
ALT 52.00 u/L 0-40 U/L
Uric 253.00 pmol/L 150-350 pmol/L
cTn-I 50.00 ng/ml 0-0.01 ng/ml
BNP 244.00 pg/ml 0-100 pg/ml
ANA Negative Negative
HIV Negative Negative
ccp Negative Negative

Note: ALT = alanine aminotransferase, ANA = antinuclear antibody, ASO = antistreptolysin O,
AST = aspartate aminotransferase, BNP = brain natriuretic peptide, CCP = anti-cyclic citrulline
peptide antibody, CK = phosphocreatine kinase, CK-MB = creatine phosphokinase-isoenzyme-
MB, CRP = C-reactive protein, cTn-I = cardiac troponin I, ESR = erythrocyte sedimentation rate,
a-HBDH = a-hydroxybutyrate dehydrogenase, HIV = human immunodeficiency virus, LDH =
lactate dehydrogenase, RF = rheumatoid factor, Uric = uric acid.
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Fig. 1. RCA proximal aneurysm in RCA ostium, and stenosis 95% in RCA.

Fig. 2. Stenosis in distal LM and in ostia of LAD and LCX.

taking nitroglycerin (sublingual administration), and was without other symptoms. (2) Female patients accounted for 83.33% (5/6).
(3) 100% of patients manifested suddenly as chest tightness and pain, dyspnea, hypotension, or cardiogenic shock. (4) 66.67% (4/6)
patients presented with non-ST-segment elevation AMI and 83.33% (5/6) patients presented with the extensive anterior wall AMI.

4.3. Features and pathogenesis of coronary artery involvements

The proportion of coronary arteries involvement in patients with TA is about 9-10% [1,4,5,14,24]. TA mainly involves the ostia
and proximal segment of coronary artery, showing the lesions of stenosis, occlusion or dilatation, which result in myocardial ischemia,
angina pectoris or AMI [4,25]. Six cases described in the study all suffered from the ostia involvement of the LM and/or RCA. Features
of coronary artery lesions showed that ( 1 ) the coronary arteries lesions mainly represented as stenotic lesions or aneurysms in ostia of
coronary artery originating from aorta root. In this study patient 1# was with 95% stenosis in LM ostium, 2# with severe stenosis and
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Fig. 4. Occlusion of left subclavian artery (arrow).

aneurysm in ostia of LAD, LCX, and RCA, 3# with 95% stenosis in LM ostium, 4# with 90% stenosis in LM ostium and with 95%
stenosis in RCA ostium, 5# with 95% stenosis in RCA ostium, and 6# with 95% stenosis in LM ostium and 90% stenosis in RCA ostium.
The occurrence of such coronary artery lesions is caused by the aortic root inflammatory changes associated with aortitis, and is an
inflammatory manifestation of the ascending aorta [14]. The autopsy showed that inflammation caused a significant thickening of the
aortic and coronary artery walls and abundant granulomatous and a lymphoplasmacytic infiltrate in the vessel wall [26]. The avas-
cular necrosis of the vascular wall may also occur [27]. ( 2 ) LM is the most common in coronary artery involvement. In this study,
83.33% (5/6 cases) was the lesions in LM ostia. Among 5 patients with LM lesions, 4 (80.00%) had LM ostia stenosis, and only 1 patient
(No. 2) had LM terminal stenosis. All patients with LM lesions presented with extensive AMI and shock. Since RCA originates directly
from the aorta, inflammation of the aorta often affects the RCA opening. In this group, RCA ostium was affected in 66.67% (4/6 cases),
LAD ostium was involved in 33.33% (2/6 cases) and LCX ostium was involved in 16.67% (1/6 cases). Most of the coronary arteries
involvements presented with localized stenosis and a few presented with coronary aneurysm formation. These characteristics are
helpful to distinguish coronary stenosis caused by coronary atherosclerosis. The stenosis of coronary artery opening, under the
interaction of internal and external pathogenic factors ( such as fatigue , mental tension and stress, sympathetic nerve excitation,
coronary artery spasm, inflammation, elevated blood sugar, and elevated blood uric acid , smoking, drinking, dyslipidemia etc. [4,
28] ) will make the rapid progress of the lesion, the rapid aggravation of stenosis, resulting in acute ischemic necrosis of the
myocardium, and the occurrence of AMI. The pathogenesis of coronary arteries involvement with TA is still unclear so far. Recently
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Fig. 5. There was no stenosis of the bilateral renal arteries.

Fig. 6. Abdominal aortic stenosis was associated with thrombosis in 70%. Right external iliac artery stenosis 95%.

study reported HLA-B*52 allele was significantly associated with TA. However, the ostium involvement of the coronary arteries is
caused by the extension of inflammation of the aortic root or ascending aorta [14,24,29], which leads to arterial wall remodeling,
thickening, aneurysmal lesions, and stenosis or occlusion of the coronary vessel lumen [24,26,29]. In the acute inflammatory phase
(active stage) of TA proinflammatory T-cell cytokines ( such as TNF-a, IL-6 and IFN-y, etc.) may be associated with granuloma for-
mation in the tissue of aortic wall. Inflammation begins to invade the vasa vasorum in early stages of TA, which cause an inflammatory
cell infiltration of adventitia [5]. Patients become increasingly infectious as their illness progresses. A lot of monocytes, lymphocytes,
neutrophils, epithelioid cells, and giant cells infiltrate to tissue lesions from adventitia to and internal elastic lamina of coronary artery,
which eventually results in granulomas formation and intimal hyperplasia, and cause to stenosis or occlusion of the arterial lumen and
ischemic symptoms [29,30].
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4.4. Characteristics of large artery vessel involvements

Characteristics of patients with AMI as the first manifestation of TA also include systemic large vessel involvements. It is an
important condition or clue for the diagnosis of TA that coronary artery lesions combined with large vessel lesions (stenosis, occlusion
or dilation) in other organs of the body. Rarely, TA is only involved in the coronary artery. Most of the patients with TA have coronary
artery lesions combined with stenosis of proximal subclavian artery, renal artery-opening, carotid artery or aorta. Subclavian artery
stenotic lesions are the most common. In this study, six patients with TA all presented as peripheral large vessel involvement. Sub-
clavian artery stenosis occurred in 83.33%. The left renal artery was involved in 50.00%. Bilateral subclavian artery stenosis or oc-
clusion is rare. Patient 2# in this study had bilateral subclavian artery occlusion, which was very rare.

4.5. Treatment and prognosis

Treatment for the stenosis or occlusion of coronary artery involvements in TA includes percutaneous coronary intervention (PCI)
and coronary artery bypass grafting (CABG). PCI includes percutaneous transluminal coronary angioplasty (PTCA) and stent im-
plantation. Because these TA patients who manifested firstly as acute myocardial infarction at onset would have hemodynamic
instability or shock, PTCA can quickly open the occluded coronary arteries and reduce the coronary stenosis degree, improve coronary
blood flow and save dying myocardium, which is conducive to relieving symptoms [31]. However, PTCA alone has a high risk of acute
re-occlusion and long-term restenosis of the target vessel. The long-term restenosis rate of the target vessel after bare metal stent (BMS)
implantation was also high. Drug-eluting stent (DES) implantation can inhibit intimal proliferation and progression of vascular wall
fibrosis, so the restenosis rate is significantly lower than that of PTCA and BMS implantation. TA with AMI as the first manifestation at
onset is an acute and severe illness with hemodynamic instability and requires emergency treatment. Therefore, emergency PCI is the
main treatment to save life of this kind patients. Emergency PCI has good efficacy and high safety and is the preferred treatment for
patients with hemodynamic instability. In this study, except for one patient (2#) who died of refusing PCI, the other 5 patients received
emergency PCI and DES implantation to improve the disease. Patient 2# presented as severe hemodynamic disorder and cardiogenic
shock on admission (see 2.4 Introduction of death case). Her echocardiography showed left ventricular enlargement and decreased
ejection fraction (see Table 3). His CAG showed coronary stenotic lesions in the ostia of RCA, LAD and LCX (see Figs. 1 and 2), and
stenosis of LM terminal (see Fig. 2), which leads to myocardial ischemic injure and necrosis and cardiac dysfunction. The patient and
his family absolutely refused emergency PCI to lead his death. Studies have shown that CABG is superior to PCI, and is with lower rates
of restenosis and complications [15,32]. However, the high mortality of emergency CABG for patients with AMI, especially those with
hemodynamic instability, makes it inappropriate to be the preferred approach for these patients. Unfortunately, DES and CABG both
are less effective in patients with TA than that in patients with atherosclerotic lesions. This phenomenon may be related to persistent
inflammation action of the blood vessel wall in patients with TA [4,18]. PCI is the first choice for TA patients with acute myocardial
ischemia or AMI. Vascular surgery remains an important option in the management of TA with stable hemodynamics [26]. Huo J et al.
[4] reported that the mortality rate in the conservative treatment group was significantly higher than that in the interventional
management and surgical treatment groups during a mean follow-up of 57.79 months.

Renal artery stenosis or subclavian artery stenosis caused by TA can also be treated by stenting [33]. In this group, all patients with
renal artery involvement or subclavian artery stenosis or occlusion underwent selective BMS implantation. The diameter of stent
implantation was 6-8 mm [34]. The incidence of restenosis in-stent was low due to the large diameter of the stent implantation. During
follow-up, no restenosis in-stent occurred in 5 patients with renal artery and/or subclavian artery stenosis or occlusion. This result
indicates that stent implantation in large artery vessels is effective. Pharmacologic treatment for TA includes antithrombotic therapies,
glucocorticoids, and immunosuppressive agents [35,36]. Methotrexate is recommended to use for the treatment of all patients with TA
[37]. In recent years, biological drugs have been widely used in clinical practice. Tumor necrosis factor a inhibitors are most commonly
used, such as infliximab and adamuzumab, which can inhibit the development of active inflammatory lesions [38,39].

5. Limitations of this study

The clinical and vascular lesion characteristics of six patients with Takayasu arteritis manifested firstly as acute myocardial
infarction at onset were studied. Because the cases are very rare, the sample size of this study is small. Further studies with larger
sample sizes are needed to support the results.

6. Conclusion

Comprehensive the above , the patients with TA manifested firstly as AMI is very rare. The clinical and vascular lesion charac-
teristics of those patients were that most of the patients had no discomfort before admission, and suffered from the suddenly typical
manifestation of AMI and hemodynamic instability at the onset. Angiography showed severe stenosis or occlusion of LM ostia, RCA
ostia, and peripheral large artery. This suggests that for young patients with AMI, CAG should be accompanied by large artery
angiography to improve the diagnostic rate. For the TA patients with hemodynamic instability the effectiveness of emergency PCI is
positive.



R. Liu et al. Heliyon 9 (2023) 13099
Authors’ contributions

RFL conceived and supervised the study, was involved in the PCI procedure and wrote the main body of the manuscript. FXX
collected the clinic data and participated in the discussion on the interpretation of the research content. YJZ directed the drafting of the
manuscript and critically revised the manuscript. TKL took part in the PCI procedure, performed statistical analysis of the data, and
revised this paper. All authors critically revised and approved the final version of the manuscript.

Declarations
Ethics approval and consent to participate

All participants provided written consent before entering the study, and approval was obtained from the Ethics Committee of
Beijing Anzhen Hospital, Capital Medical University, Beijing.

Avadilability of data and materials

All data generated or analyzed during this study are included in this published article and its supplementary information files. Data
other than these are available from the corresponding author on reasonable request.

Conflicts of interest
The authors declare that there is no conflict of interest regarding the publication of this article.
Statement

The authors state that all methods used in this study were carried out in accordance with following guidelines and regulations and
guided by the following guidelines. That is “2018 Update of the EULAR recommendations for the management of large vessel vasculitis
(Hellmich B et al. Annals of the Rheumatic Diseases. 2020; 79:19-30.), Management of Takayasu arteritis: a systematic literature
review informing the 2018 update of the EULAR recommendation for the management of large vessel vasculitis (Agueda AF et al. RMD
Open. 2019; 5 (2):e001020.), and 2021 American College of Rheumatology/Vasculitis Foundation Guideline for the Management of
Giant Cell Arteritis and Takayasu Arteritis. (Maz M et al. Arthritis Rheumatol. 2021; 73 (8):1349-1365.), and Diagnostic criteria for
Takayasu arteritis (Sharma BK et al. Int J Cardiol. 1996; 54 Suppl: S141-7)".

Abbreviations

AMI = acute myocardial infarction, BMS = bare metal stent, CAA = coronary artery aneurysm, CABG = coronary artery bypass
grafting, CAG = coronary angiography, CRP = C-reactive protein, CTA = computed tomography angiography, cTn-I = cardiac
troponin I, DES = drug-eluting stent, ECG = electrocardiography, ECHO = echocardiography, ESR = erythrocyte sedimentation rate,
LAD = left anterior descending artery, LCX = the left circumflex branch, LM = left main coronary trunk, MRA = magnetic resonance
angiography, NYHA = New York heart association class of cardiac function, PCI = percutaneous coronary intervention, PTCA =
percutaneous transluminal coronary angioplasty, RCA = right coronary artery, SCAD = spontaneous coronary artery dissection, STEMI
= ST-segment elevation myocardial infarction.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://doi.org/10.1016/j.heliyon.2023.e13099.

References

[1] R. Serra, L. Butrico, F. Fugetto, M.D. Chibireva, A. Malva, G. De Caridi, et al., Updates in pathophysiology, diagnosis, and management of Takayasu arteritis,
Ann. Vasc. Surg. 35 (2016) 210-225, https://doi.org/10.1016/j.avsg.2016.02.011.

[2] D. Alnabwani, P. Patel, P. Kata, V. Patel, A. Okere, P. Cheriyath, The epidemiology and clinical manifestations of Takayasu arteritis: a descriptive study of case
reports, Cureus 13 (9) (2021), e17998, https://doi.org/10.7759/cureus.

[3] M. Ralli, F. Campo, D. Angeletti, A. Minni, M. Artico, A. Greco, et al., Pathophysiology and therapy of systemic vasculitides, EXCLI J 19 (2020) 817-854, https://
doi.org/10.17179/excli2020-1512.

[4] J. Huo, B. Wang, L. Yu, D. Gao, R. Cheng, J. Wang, et al., Clinical characteristics and outcomes in patients with Takayasu arteritis coexisting with myocardial
ischemia and neurological symptoms: a multicenter, long-term, follow-up study, Front. Cardiovasc. Med. 9 (2022), 948124, https://doi.org/10.3389/
fcvm.2022.948124.

[5] D. Danda, P. Manikuppam, X. Tian, M. Harigai, Advances in Takayasu arteritis: an Asia pacific perspective, Front. Med. 9 (2022), 952972, https://doi.org/
10.3389/fmed.2022.952972.

10


https://doi.org/10.1016/j.heliyon.2023.e13099
https://doi.org/10.1016/j.avsg.2016.02.011
https://doi.org/10.7759/cureus
https://doi.org/10.17179/excli2020-1512
https://doi.org/10.17179/excli2020-1512
https://doi.org/10.3389/fcvm.2022.948124
https://doi.org/10.3389/fcvm.2022.948124
https://doi.org/10.3389/fmed.2022.952972
https://doi.org/10.3389/fmed.2022.952972

R. Liu et al. Heliyon 9 (2023) 13099

[6]

[71

[8]

[91
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]
[21]

[22]

[23]

[24]
[25]

[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]

[39]

C. Sanchez-Alvarez, C.S. Crowson, M.J. Koster, K.J. Warrington, Prevalence of Takayasu arteritis: a population-based study, J. Rheumatol. 48 (6) (2021) 952,
https://doi.org/10.3899/jrheum.201463.

M. Jedidi, Y. Chkirbene, N. Abdessayed, T. Masmoudi, M. Mahjoub, S. Mlayeh, M.B. Dhiab, et al., Sudden death due to unusual complication of Takayasu
arteritis: an autopsy case, Am. J. Forensic Med. Pathol 38 (2) (2017) 91-93, https://doi.org/10.1097/PAF.0000000000000293.

B. Gudbrandsson, Molberg @, T. Garen, @. Palm, Prevalence, incidence, and disease characteristics of Takayasu arteritis by ethnic background: data from a large,
population-based cohort resident in southern Norway, Arthritis Care Res. 69 (2) (2017) 278-285, https://doi.org/10.1002/acr.22931.

Z. Zhang, W. Wang, M. Zhou, P.Y.J. Lu, Y. Li, Y. Chen, An observational study of sex differences in Takayasu arteritis in China: implications for worldwide
regional differences, Ann. Vasc. Surg. 66 (2020) 309-317, https://doi.org/10.1016/j.avsg.2019.12.007.

K. Mendiola Ramirez, A.C. Portillo Rivera, A. Galicia Reyes, J.A. Garcia Montes, R. Maldonado Velazquez Mdel, E. Faugier Fuentes, Type III Takayasu’s arteritis
in a pediatric patient. Case report and review of the literature, Reumatol. Clinica 8 (4) (2012) 216-219, https://doi.org/10.1016/j.reuma.2011.11.008.

A. Tomelleri, C. Campochiaro, S. Sartorelli, G. Cavalli, G. De Luca, E. Baldissera, L. Dagna, Gender differences in clinical presentation and vascular pattern in
patients with Takayasu arteritis, Scand. J. Rheumatol. 48 (6) (2019) 482-490, https://doi.org/10.1080/03009742.2019.1581838.

F. Dammacco, A. Cirulli, A. Simeone, P. Leone, R. Pulli, D. Angiletta, et al., Takayasu arteritis: a cohort of Italian patients and recent pathogenetic and
therapeutic advances, Clin. Exp. Med. 21 (1) (2021) 49-62, https://doi.org/10.1007/s10238-020-00668-7.

Y. Watanabe, T. Miyata, K. Tanemoto, Current clinical features of new patients with Takayasu arteritis observed from cross-country research in Japan: age and
sex specificity, Circulation 132 (18) (2015) 1701-1709, https://doi.org/10.1161/CIRCULATIONAHA.114.012547.

T. Zhang, B. Peng, X. Tu, S. Zhang, S. Zhong, W. Cao, Acute myocardial infarction as the first manifestation of Takayasu arteritis: a case report, Medicine
(Baltim.) 98 (15) (2019), 15143, https://doi.org/10.1097/MD.0000000000015143.

S.M. Yuan, H.Z. Lin, Coronary artery involvements in Takayasu arteritis: systematic review of reports, Gen. Thorac. Cardiovasc. Surg. 68 (9) (2020) 883-904,
https://doi.org/10.1007/511748-020-01378-3.

T. Li, N. Gao, W. Cui, L. Zhao, J. Du, X. Shi, et al., The role of CD8" Granzyme B™ T cells in the pathogenesis of Takayasu’s arteritis, Clin. Rheumatol. 41 (1)
(2022) 167-176, https://doi.org/10.1007/s10067-021-05903-4.

W.P. Arend, B.A. Michel, D.A. Bloch, G.G. Hunder, L.H. Calabrese, S.M. Edworthy, et al., The American College of Rheumatology 1990 criteria for the
classification of Takayasu arteritis, Arthritis Rheum. 33 (8) (1990) 1129-1134, https://doi.org/10.1002/art.1780330811.

A.R. Mihailovici, I. Donoiu, O. Istratoaie, G.C. Tartea, A. Bucsa, A case of severe advanced Takayasu arteritis with acute myocardial infarction as first
manifestation, Curr. Health Sci. J. 44 (1) (2018) 80-84, https://doi.org/10.12865/CHSJ.44.01.14.

G. Cavalli, A. Tomelleri, D. Di Napoli, E. Baldissera, L. Dagna, Prevalence of Takayasu arteritis in young women with acute ischemic heart disease, Int. J.
Cardiol. 252 (2018) 21-23, https://doi.org/10.1016/j.ijcard.2017.

E.S.H. Kim, Spontaneous coronary-artery dissection, N. Engl. J. Med. 383 (24) (2020) 2358-2370, https://doi.org/10.1056/NEJMra2001524.

C. Campochiaro, A. Tomelleri, L. Dagna, Spontaneous coronary-artery dissection, N. Engl. J. Med. 384 (11) (2021) 1077, https://doi.org/10.1056/
NEJMc2100339.

B. Khiatah, S. Jazayeri, N. Yamamoto, T. Burt, A. Frugoli, D.L. Brooks, Cardiovascular disease in women: a review of spontaneous coronary artery dissection,
Medicine (Baltim.) 101 (38) (2022), 30433, https://doi.org/10.1097/MD.0000000000030433.

M. Fukuta, A. Kurose, T. Horita, J. Otaki, Y. Nakamura, S. Kanno, et al., An autopsy case of spontaneous coronary artery dissection with eosinophilic coronary
periarteritis and degeneration of medial smooth muscles, Am. J. Forensic Med. Pathol 42 (4) (2021) 387-391, https://doi.org/10.1097/
PAF.0000000000000673.

S. Zhou, C. Gao, F. Li, Acute myocardial infarction with left main coronary artery ostial negative remodelling as the first manifestation of Takayasu arteritis: a
case report, BMC Cardiovasc. Disord. 21 (1) (2021) 560, https://doi.org/10.1186/512872-021-02376-w.

L. Wilson, A. Chandran, J.C. Fudge, D. Moguillansky, A. Thatayatikom, J. Philip, et al., Takayasu’s arteritis presenting as acute myocardial infarction: case series
and review of literature, Cardiol. Young 31 (11) (2021) 1866-1869, https://doi.org/10.1017/51047951121001700.

S. Arnold, S. Klapa, K. Holl-Ulrich, A. Miiller, A. Kerstein-Stéhle, P. Lamprecht, Granulomatose Vaskulitiden und Vaskulitiden mit extravaskuldrer
Granulomatose [Granulomatous vasculitides and vasculitides with extravascular granulomatosis], Z. Rheumatol. 81 (7) (2022) 558-566, https://doi.org/
10.1007/500393-022-01249-7.

N. Gokcen, A. Komac, F. Tuncer, G. Kocak Buyuksutcu, O. Ozdemir Isik, A. Yazici, et al., Risk factors of avascular necrosis in Takayasu arteritis: a cross sectional
study, Rheumatol. Int. (2021), https://doi.org/10.1007/s00296-021-04909-0.

Y. Wang, S.J. Jia, Y. Zhou, J. Li, X. Zhao, Q.M. Zhao, et al., A study on the risk factors of coronary artery disease in patients with Takayasu arteritis, J. Thorac.
Dis. 12 (5) (2020) 2031-2038, https://doi.org/10.21037/jtd-20-267.

E. Tombetti, J.C. Mason, Takayasu arteritis: advanced understanding is leading to new horizons, Rheumatology 58 (2) (2019) 206-219, https://doi.org/
10.1093/rheumatology/key040.

H. Yoshifuji, Pathophysiology of large vessel vasculitis and utility of interleukin-6 inhibition therapy, Mod. Rheumatol. 29 (2) (2019) 287-293, https://doi.org/
10.1080/14397595.2018.1546358.

J.C. Mason, Surgical intervention and its role in Takayasu arteritis, Best Pract. Res. Clin. Rheumatol. 32 (1) (2018) 112-124, https://doi.org/10.1016/j.
berh.2018.07.008.

Y. Diao, S. Yan, S. Premaratne, Y. Chen, X. Tian, Z. Chen, et al., Surgery and endovascular management in patients with takayasu’s arteritis: a ten-year
retrospective study, Ann. Vasc. Surg. 63 (2020) 34-44, https://doi.org/10.1016/j.avsg.2019.07.009.

E.P. Inocian, B.Z. Batoctoy, F.L. Chio Jr., E.S. Polito, H.B. Porsuelo-Torres, Renal endovascular stenting of a non-atherosclerotic renal artery stenosis secondary
to Takayasu arteritis, Cardiovasc. Revascularization Med. 40S (2022) 174-178, https://doi.org/10.1016/j.carrev.2021.06.018.

C. Baldwin, A.J. Mohammad, C. Cousins, S. Carette, C. Pagnoux, D. Jayne, Long-term outcomes of patients with Takayasu arteritis and renal artery involvement:
a cohort study, Rheumatol. Adv. Pract 2 (2) (2018) rky026, https://doi.org/10.1093/rap/rky026.

A.B. Dua, M.A. Kalot, N.M. Husainat, K. Byram, J.M. Springer, K.E. James, et al., Takayasu arteritis: a systematic review and meta-analysis of test accuracy and
benefits and harms of common treatments, ACR Open Rheumatol 3 (2) (2021) 80-90, https://doi.org/10.1002/acr2.11186.

M. Maz, S.A. Chung, A. Abril, C.A. Langford, M. Gorelik, G. Guyatt, et al., American College of rheumatology/vasculitis foundation guideline for the
management of giant cell arteritis and Takayasu arteritis, Arthritis Rheumatol. 73 (8) (2021) 1349-1365, https://doi.org/10.1002/art.41774.

S. Khanna, K. Garikapati, D.S.L. Goh, K. Cho, P. Lo, M.V. Bhojaraja, et al., Coronary artery vasculitis: a review of current literature, BMC Cardiovasc. Disord. 21
(1) (2021) 7, https://doi.org/10.1186/s12872-020-01813-6.

D.P. Misra, A. Wakhlu, V. Agarwal, D. Danda, Recent advances in the management of Takayasu arteritis, Int. J. Rheum. Dis 22 (Suppl 1) (2019) 60-68, https://
doi.org/10.1111/1756-185X.13285.

B. Hellmich, A.F. Agueda, S. Monti, R. Lugmani, Treatment of giant cell arteritis and Takayasu arteritis-current and future, Curr. Rheumatol. Rep. 22 (12) (2020)
84, https://doi.org/10.1007/s11926-020-00964-x.

11


https://doi.org/10.3899/jrheum.201463
https://doi.org/10.1097/PAF.0000000000000293
https://doi.org/10.1002/acr.22931
https://doi.org/10.1016/j.avsg.2019.12.007
https://doi.org/10.1016/j.reuma.2011.11.008
https://doi.org/10.1080/03009742.2019.1581838
https://doi.org/10.1007/s10238-020-00668-7
https://doi.org/10.1161/CIRCULATIONAHA.114.012547
https://doi.org/10.1097/MD.0000000000015143
https://doi.org/10.1007/s11748-020-01378-3
https://doi.org/10.1007/s10067-021-05903-4
https://doi.org/10.1002/art.1780330811
https://doi.org/10.12865/CHSJ.44.01.14
https://doi.org/10.1016/j.ijcard.2017
https://doi.org/10.1056/NEJMra2001524
https://doi.org/10.1056/NEJMc2100339
https://doi.org/10.1056/NEJMc2100339
https://doi.org/10.1097/MD.0000000000030433
https://doi.org/10.1097/PAF.0000000000000673
https://doi.org/10.1097/PAF.0000000000000673
https://doi.org/10.1186/s12872-021-02376-w
https://doi.org/10.1017/S1047951121001700
https://doi.org/10.1007/s00393-022-01249-7
https://doi.org/10.1007/s00393-022-01249-7
https://doi.org/10.1007/s00296-021-04909-0
https://doi.org/10.21037/jtd-20-267
https://doi.org/10.1093/rheumatology/key040
https://doi.org/10.1093/rheumatology/key040
https://doi.org/10.1080/14397595.2018.1546358
https://doi.org/10.1080/14397595.2018.1546358
https://doi.org/10.1016/j.berh.2018.07.008
https://doi.org/10.1016/j.berh.2018.07.008
https://doi.org/10.1016/j.avsg.2019.07.009
https://doi.org/10.1016/j.carrev.2021.06.018
https://doi.org/10.1093/rap/rky026
https://doi.org/10.1002/acr2.11186
https://doi.org/10.1002/art.41774
https://doi.org/10.1186/s12872-020-01813-6
https://doi.org/10.1111/1756-185X.13285
https://doi.org/10.1111/1756-185X.13285
https://doi.org/10.1007/s11926-020-00964-x

	Clinical and vascular lesion characteristics of the patients with takayasu arteritis manifested firstly as acute myocardial ...
	1 Introduction
	2 Materials and methods
	2.1 Object of study
	2.2 Diagnostic criteria of TA
	2.3 Indicator for observation
	2.4 Methods and endpoints of follow-up
	2.5 Statistical analysis

	3 Results
	3.1 Baseline data and clinical manifestations
	3.2 The findings of angiography
	3.3 Results of transthoracic echocardiography (ECHO)
	3.4 Clinical treatment and follow-up outcomes
	3.5 Introduction of death case

	4 Discussion
	4.1 Diagnosis about TA
	4.2 Clinical features of TA with AMI as the initial presentation
	4.3 Features and pathogenesis of coronary artery involvements
	4.4 Characteristics of large artery vessel involvements
	4.5 Treatment and prognosis

	5 Limitations of this study
	6 Conclusion
	Authors’ contributions
	Declarations
	Ethics approval and consent to participate
	Availability of data and materials
	Conflicts of interest

	Statement
	Abbreviations
	Appendix A Supplementary data
	References


